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241

INTRODUCTION

Steel girders are recommended due to depth of section considerations for short span
structures and for their economy on longer span structures in comparison to other
materials or structure types.

(1)

(2)

Types of Steel Girder Structures
This Chapter considers the following common types of steel girder structures:

1. Plate Girder
2. Rolled Girder
3. Box Girder

The plate girder structure is selected over the rolled girder structure when longer
spans or versatility are required. Generally rolled girders are used for web depths
less than 36" (900 mm) on short span structures of 80' (24 m) or less. When rolled
girder sections are detailed, a note should be given on the plans allowing the
option of using the lighter, fabricated plate girder sections.

Structural Action of Steel Girder Structures

Box, rolled beam and plate girder bridges are primarily flexural structures which
carry their loads by bending between the supports. The degree of continuity of
the steel girders over their intermediate supports determines the structural action
within the steel bridge. The main types of structural action are as follows:

1. Simply Supported Structures
2. Multiple Span Continuous Structures
3. Multiple Span Continuous-Hinged Structures

Simply supported structures are generally used for single, short span structures.
Multiple span steel girder structures are designed as continuous spans. When the
overall length of the continuous structure exceeds approximately 670' (200 m), a
transverse expansion joint is provided by employing girder hinges and a modular
watertight expansion device.

The 670’ limitation is based on the abutments having expansion bearings and a
pier or piers near the center of the continuous segment having fixed bearings.
When one abutment has fixed bearings see Table 12.1 in Chapter 12 for the
limitation on the length of a continuous segment.
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24.2 MATERIALS

Structural steels currently used conform to ASTM A709M Specifications designated Grade
36 (250), Grade 50 (345), and Grade 50W (345W). AASHTO Specifications give the
necessary design information for each grade of steel. Steel girders are economically
designed by using high strength steels. In the past high strength steel flanges were
recommended in combination with lower strength webs. Current data indicates that "hybrid"
girder designs do not necessarily provide the most economical costs. Complete girder
designs with Grade 50 (345) steel provide the design advantages of a higher strength plate
at a nominal price differential. For unpainted structures over stream crossings, Grade 50W
(345W) weathering steel is recommended throughout.

Cracks have been observed in steel girders due to fabrication, fatigue, brittle fractures and
stress corrosion. To insure against structural failure the material is tested for plane-strain
fracture toughness. As a result of past experience, the Charpy V-notch test is currently
required on all grades of steel used for girders.

Refer to Bridge Manual, Chapter 9 - MATERIALS, for additional information.
(1) Bars and Plates

Bars and Plates are grouped under flat rolled steel products that are designated by
size as follows:

Bars: 8" (200 mm) or less in width
Plates: Over 8" (200 mm) in width

AASHTO Specifications allow a minimum thickness of 5/16" (8 mm) for structural
steel members. Current policy is to employ a minimum thickness of 7/16" (11 mm)
for primary members and a minimum 3/8" (10 mm) for secondary structural steel
members. The maximum plate width rolled is approximately 200" (5080 mm) at a
limited number of mills. Optional splices are permitted on plates which are detailed
over 60' (18 m) long. Refer to the latest steel product catalogs for steel sections and
rolled stock availability.

(2) Rolled Sections

A wide variety of structural steel shapes are produced by steel manufacturers. Design
and detail information is available in the AISC Manual of Steel Construction and
information on previously rolled shapes is given in AISC Iron and Steel Beams 1873 to
1952. Refer to the latest steel product catalogs for availability and cost, as some
shapes are not readily available and their use could cause costly construction delays.
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(83) Threaded Fasteners

Steel connections are made with high strength bolts conforming to ASTM designations
A325 and A490. Galvanized A490 bolts can not be substituted for A325 bolts; if A490
bolts are galvanized failure may occur due to hydrogen embrittlement. ASTM
specifications limit galvanizing to A325 or lower strength fasteners. All bolts for a given
project should be from the same location and manufacturer.

High strength pin bolts may be used as an alternate to A325 bolts. The shank and
head of the high strength steel pin bolt and the collar fasteners shall meet the chemical
composition and mechanical property requirements of ASTM designation A325, Types
1,2 or 3.

Friction type connections are used on bridges since the connections are subject to
stress reversals and bolt slippage is undesirable. High strength bolts in friction type
connections are not designed for fatigue. The allowable unit stresses, minimum
spacing and edge distance as given in AASHTO are used in designing and detailing
the required number of bolts. A490 bolts shall not be used in tension connections due
to their low fatigue strength. Generally, A325 bolts are used for steel connections
unless the higher strength A490 bolt is warranted. If at all possible, avoid specifying
A490, Type 3 bolts on plans for unpainted structures. All bolt threads should be clean
and lubricated with oil or wax prior to tightening.

A. Bolted Connections

1. All field connections are made with 3/4" (M20) high strength bolts unless
noted or shown otherwise.

2. Holes for bolted connections shall not be more than 1/16" (2 mm) greater
than the nominal bolt diameter.
3. Faying surfaces of friction type connections are blast cleaned and free

from all foreign material. Note that AASHTO Specifications allow various
design shear stresses depending on surface condition of bolted parts.
Higher design shear stresses are allowed on blast cleaned and/or inorganic
zinc-rich painted surfaces.

4, Bolts are installed with a flat, smooth, hardened circular washer under the nut
or bolt head, whichever element is turned in tightening the connection.

5. A smooth, hardened, bevel washer is used where bolted parts in contact
exceed a 1 to 20 maximum slope.

6. Where clearance is required, washers are clipped on one side to a point not
closer than seven-eighths of the bolt diameter from the center of the washer.

7. After all bolts in the connections are installed, each fastener shall be tightened

equal to the proof load for the given bolt diameter as specified by ASTM. A490
bolt and galvanized A325 bolts shall not be reused.
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Retightening previously tightened bolts which may have been loosened
by tightening of adjacent bolts is not considered a reuse.

B. Bolt Weight and Length

Under current specifications the weights of nuts, heads, washers, and the
stick through length of high strength bolts are added to the structural steel
weights. These weights, as given by AASHTO, are shown in Table 24.1

TABLE 24.1
The length of high strength bolts is determined by adding to the grip (the

total thickness of the connected material) the value in Table 24.1 for the
given bolt diameter.

For Length

Bolt Diameter Weight of 100 Bolts Add to Grip
Pounds (kq) in.  (mm)

3/4" (M20) 52.4 (23.8) 13/16 30
7/8" (M22) 80.4 (36.5) 1516 35
1" (M24) 116.7 (52.9) 19/16 40
11/8" (M27) 165.1 (75.0) 111/16 43
1 1/4" (M30) 212.0 (96.2) 113/16 46

These values are to provide for the inclusion of one circular washer, a
heavy nut, and adequate stick-through at the end of the bolt. For a beveled
washer used in place of circular washer, add an additional 1/8" (3 mm).
The length is rounded up to the next 1/4" (5 mm) increment for bolt lengths
up to 5" (125 mm) and to the next 1/2" (13 mm) increment for bolt lengths
over 5".
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24.3 DESIGN SPECIFICATION AND DATA

(1)

(2)

3)

Specifications

Refer to the design and construction related materials as presented in the
following specifications:

American Association of State Highway and Transportation Officials (AASHTO)
Standard Specifications for Highway Bridges.

Standard Specifications for Welding of Structural Steel Highway Bridges.
American Institute of Steel Construction Manual of Steel Construction.

State of Wisconsin Standard Specifications for Road and Bridge Construction.
Allowable Stresses

The allowable stresses are given in the AASHTO Specifications. The basic
ultimate stresses for the more common structural components used on bridges is
given in Chapter 9.0 - MATERIALS.

Design Aids

Refer to Standard 24.1 for recommended girder spacing for a given roadway
width. Given the span length, the preliminary steel girder web depth is determined
by referring to Table 24.2. Recommended web depths are given for parallel
flanged steel girders. The girder spacings and web depths were determined from
an economic study, deflection criteria, and load carrying capacity of girders.

From a known girder spacing, the effective span is computed as shown on Figure
17.1. From the effective span, the slab depth and required slab reinforcement are
determined from Tables as well as the additional slab reinforcement required due
to slab overhang.

References for Horizontally Curved Structures

Standard 24.10 shows the method for laying out steel girders on horizontally
curved bridges. When the radius of the curve is 830 feet (250 m) or greater, the
girders are fabricated by kinking them at the field splice locations. If the radius of
the curve is less, the girders are fabricated along the curve.
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PARALLEL FLANGE GIRDER RECOMMENDED DEPTHS

(For 2-Span Bridges with Equal Span Lengths)

10' (3 m) (Girder Spacing 9” (225 mm) Deck) 12' (3.6 m) Girder Spacing 10” (250 mm) Deck)
Span Lengths Web Depth Span Lengths Web Depth
m (ft) mm  (In) m (ft) mm  (In)
27-35 (90-115) 1200 (48) 27-31 (90-103) 1200 (48)
35-39 (116-131) 1350 (54) 31-36 (104-119) 1350  (54)
39-42 (132-140) 1500 (60) 36-38 (120-127) 1500  (60)
42-45 (141-149) 1650 (66) 38-41 (128-135) 1650  (66)
45-49 (150-163) 1800 (72) 41-44 (136-146) 1800 (72)
49-51 (164-171) 1950 (78) 44-46 (147-153) 1950 (78)
51-54 (172-180) 2100 (84) 46-49 (154-163) 2100 (84)
54-57 (181-190) 2250 (90) 49-51 (164-170) 2250 (90)
57-60 (191-199) 2400 (96) 51-53 (171-177) 2400  (96)
60-62 (200-207) 2550 (102) 53-55 (178-184) 2550 (102)
62-65 (208-215) 2700 (108) 55-58 (185-192) 2700 (108)
TABLE 24.2

Criteria used to develop table:

Girder designed by Load Factor Design Method using HS25 (MS22.5) loading.
- Fatigue check using HS20 loading.
- Deflection check using HS25 based on limiting (LL) deflection to L/1200.

- Standard Permit Vehicle capacity must be 190 kips (845 kN) or greater, using
Load Factor Analysis with (1.3 DL + 1.3 LL) and single lane distribution.

- Type A709 Grade 50 (345) steel used for girders.
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- Maximum flange plate thickness used was 2 1/4" (55 mm)

- Recommended ratio of girder flange width to total girder depth (b/d) is given
as 0.3 for shallow girders to about 0.2 for deep girders. (Charles G.
Salmon and John E. Johnson, Steel Structures, Harper and Ron,
Publishers, 1980).

The Approximate Method of Design developed by USS Corporation is an accepted
approach for horizontal curves with a radius greater than 585 feet (175 meters).
This method is outlined in publications by the Corporation and stored in the Bridge
Library. Also, the designer may refer to "Tentative Design Specifications for
Horizontally Curved Highway Bridges" prepared for the FHWA under Research
Project HPR 2-(111). These tentative specifications should be used along with an
allowable analysis program.

The computer program CBRIDGE, developed at Syracuse University, was
purchased in 2001 and is available for the analysis and design of curved or
straight girder highway bridges. CBRIDGE utilizes a three dimensional method of
analysis and designs by LFD. Lateral bracing may or may not be considered at
the option of the user.
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244 DESIGN CONSIDERATIONS

Steel girder structures are analyzed and designed by the Load Factor Design Method.
AASHTO Specifications provide all the details of designing simple and continuous steel
girders for various span lengths by Load Factor Design Method. It is a method of
proportioning structural members for multiples of design service loads. To insure
serviceability and durability, consideration is given to the control of permanent
deformations under overloads, to the fatigue characteristics under service loadings, and
to the control of live load deflections under service loadings. Three theoretical load
levels are employed: Maximum Design Load, Overload, and Service Load. Designers
should use SIMON Computer Program incorporating the requirements of deflection and
Load Factor Design.

The procedures for dead load distribution, lateral distribution of live load, computations of
reactions, shears, moments and deflections, determination of effective slab widths,
section properties (except for plastic section modulus and related properties) and
stresses in composite sections are the same for Service and Load Factor Design.

(1) Distribution of Loads
Refer to AASHTO Specifications.
A. Dead Load

1. The uniform dead load of the slab is determined using the concrete
unit weight and simple beam distribution. No adjustment in weight is
made for bar steel reinforcement.

2. The weight of the concrete haunch is determined by estimating the
haunch depth at 1-1/4" (30 mm) and the width equal to the largest
top flange of the supporting member.

3. The weight of steel beams and girders is determined from the AISC
Manual of Steel Construction. Haunched webs of plate girders are
converted to an equivalent uniform partial dead load.

4. The weight of secondary steel members such as bracing, shear
studs, and stiffeners is estimated at 30 plf (440 N/m) for interior
girders and 20 plf (290 N/m) for exterior girders.

5. A dead load of 20 psf (1.0 kN/m?) carried by the composite section
is added to account for a future wearing surface.
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10



BRIDGE MANUAL STEEL GIRDER STRUCTURES SECTION 24.4

6. The AASHTO Specification allows the weight of sidewalks, curbs,
parapets, medians, railings and other dead loads placed after the slab
has cured to be equally distributed to all members. However, in the
Bridge Office, a simple beam distribution is generally used.

The dead load carried by the exterior girder consists of those loads lying
outside the centerline of the exterior girder and a simple beam distribution of
those loads lying between the center lines of the exterior and interior girders.
AASHTO specifies that the effect of creep is to be considered in the design of
composite girders which have dead loads acting on the composite sections.
Stress and horizontal shears produced by these dead loads are computed for a
value of n or 3n, whichever gives the higher stresses and shears.

Dead load deflections of all girders are assumed equal to a typical interior
girder on a bridge with a standard curb and/or parapet on each side. If a
sidewalk is located on one or both sides of the bridge, the deflections for
interior and exterior girders are computed separately. Distribution of the dead
loads is the same as for design of the girder. Total deflections for concrete are
computed to the nearest 1/8" (3 mm). Values are computed at span quarter
points and all field splice points.

B. Traffic Live Load

1. The HS25 (MS22.5) live load bending moment for each interior beam or
girder is determined by applying S/5.5 (S/1.68) wheel loads and S/11
(S/3.36)lane load to the member. S is the girder spacing in feet (meters).
Check fatigue using HS20 loading.

1A. The Standard Permit Capacity must be 190 Kips or greater with load
factors (1.3 DL + 1.3 LL) and single lane distribution.

2. The live load bending moment for each exterior beam or girder is
determined by applying the larger wheel load distribution computed by
either a simple beam distribution or the distribution indicated below.

S/5.5 (S/1.68) where S < 6' (1.8 m)

S/(4 + 0.25S8) [S/(1.22 + .25S)] where S > 6’ (1.8 m) but < 14°(4.27 m)
Simple beam distribution for S >14' (4.27 m) where S is the spacing
between exterior and interior adjacent girders in feet (meters)

The simple beam distribution is determined by placing the outside wheel at 2'
(600 mm) from the face of the curb. The wheels of the truck are then spaced 6'
(1.8 m) apart and the distance to the wheel load of an adjacent truck is 4' (1.2 m).
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3. The live load shears and end reaction of interior and exterior members at
points of support are determined by applying a simple beam distribution to
the first set of wheels at the support and next applying the distribution
factor prescribed for moment for subsequent wheel loads. For an exterior
member, the simple beam wheel load distribution is usually less than the
distribution factor specified for moment. The AASHTO specifications
permit this type of wheel loading for end shears and reactions.

4. The intermediate live load shears within the span of interior and exterior
members are determined by applying the wheel load distribution factor
for moment to all sets of wheel loads.

5. The live load moments, shears, and deflections are computed based on
composite section properties of the girder. Negative composite action is
not used since shear studs are not detailed in the negative moment
regions of the span.

C. Pedestrian Live Load

| Sidewalk floors, stringers and their immediate supports and bridges for

| pedestrians and/or bicycle traffic are designed for a live load of 85 psf (4.25
kN/m?) of sidewalk area. Girders, trusses, arches and other members shall be
designed for the following sidewalk live loads:

Spans 0 to 25 feet .................. 85 psf (4.25 kN/m?)
Spans 26 to 100 feet .............. 60 psf (3.0 kN/m?)
Spans over 100 feet according to AASHTO

The sidewalk live load is converted to weight per linear foot by multiplying by
the width of sidewalk. When the exterior beam or girder supports the sidewalk
live load as well as the traffic live load and impact, the allowable design stress
is increased by 25 percent for the combination of dead load, sidewalk live load
and traffic live load plus impact, providing that the exterior girder is not of less
capacity than the interior girder. The chain link fencing is assumed to carry no
wind loading for design computations.

D. Temperature

Steel girder bridges are designed for a coefficient of linear expansion equal to
.0000065/F (.0000117/C) at a temperature range from -30 to 120°F (-35 to
50°C). Refer to Chapter 28 - Expansion Devices for expansion joint
requirements.
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E. Wind

The following wind loads for a wind velocity of 100 mph (160 km/h) are subject
to the loading combinations and percentage increase in basic allowable stress
as permitted by AASHTO specifications.

1. For steel beams and girders a uniformly distributed wind load of 50 psf
(2.5 kN/m?) but not less than 300 plf (4400 N/m), is applied horizontally at
right angles to the elevation view of the superstructure.

2. A wind load of 100 plf (1460 N/m) is applied at right angles and €' (1.8 m)
above the deck as a wind load on a moving live load.

3. An overturning wind load of 20 psf (1.0 kN/m?) on the total bridge width is
applied at the quarter point of the transverse bridge width.

The wind loads described above are resisted by the concrete slab and a system
of lateral bracing or diaphragms. The wind loading is transferred to the
substructure units through the bearings.

(2)  Minimum Depth to Span Ratio

For composite girders the ratio of overall depth of girder (concrete slab plus steel
girder) to the length of span preferably should not be less than 1/25, and the ratio of
the depth of the steel girder to length of span preferably should not be less than 1/30.

(3) Live Load Deflections
A. Allowable Deflection

AASHTO specifies the deflection criteria for steel beams and girders of simple
or continuous spans. This is modified by the Bridge Office limiting maximum
allowable deflection to (L/1200), including spans having hinges using the

| design live loads for HS20 Lane or Truck loading with Impact. Limiting live load
deflections is an effort to provide a structure having greater stiffness and

| thereby increasing deck durability by reducing concrete cracking. For steel

| bridges having a hinge, the allowable deflection at the hinge (L/375) may be
exceeded as long as the deflection within the span does not exceed the limits
stated above.

B. Actual Deflection

The distribution factor for computing live load deflection is not always the same
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as the moment distribution factor because it is assumed that all the beams or
girders act together and have an equal deflection. For example, a 40' (12 m)
width of bridge between curbs with 4 supporting girders carries a maximum of 3
trucks or lanes with a 90 percent reduction in load intensity. The wheel load
distribution is as follows:

(3) Trucks (2 Wheels/Truck) (90%) = 1.35 Wheels
4 Girders Girder

Uplift and Pouring Diagram

Permanent hold down devices are used to attach the superstructure to the
substructure at the bearing when any combination of loading with a 100 percent
increase in live load plus impact produces uplift. Also, permanent hold down
devices are required on alternate girders that cross over streams with less than
2' (600 mm) clearance for a 100 year flood where expansion bearings are used.
These devices are required to prevent the girder from moving off the bearings
during extreme flood conditions.

Uplift generally occurs under live loading on continuous spans when the span
ratio is greater than 1 to 1.75. Under extreme span ratios the structure may be
in uplift for dead load. When this occurs it is necessary to jack the girders
upward at the bearings and insert shim plates to produce a downward dead
load reaction. The use of simple spans or hinged continuous spans is also
considered for this case.

On two span bridges of unequal span lengths, the slab is poured in the longer
span first. Cracking of the concrete slab in the positive moment region has
occurred on bridges with extreme span ratios when the opposite pouring
sequence has been followed. When the span exceeds 120' (36 m), consider
some method to control positive cracking such as limited pouring time, the use
of retarders, and sequence of placing.

On multiple span structures determine a pouring sequence that causes the least
structure deflections and permits a reasonable construction sequence. Refer to
Standard 24.11 for concrete slab pouring requirements. Temporary hold down
devices are placed at the ends of continuous girders where the slab pour ends if
uplift does not occur from dead load and/or live load. The temporary hold down
devices prevent uplift and unseating of the girders at the bearings during the
pouring sequence.

Standard hold down devices having a capacity of 20 kips (88.9 kN) are attached
symmetrically to alternate girders or to all the girders as required. Hold down
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devices are designed by considering line bearing acting on a pin. Refer to
Standard 27.6 for permanent and temporary hold down details. To compute
uplift, a shear influence line is first obtained. Next the wheel load distribution
factor is determined in the same manner as for live load deflection. The number
of loaded lanes is based on the width of the bridge between curbs. The live
load plus impact is uniformly distributed to all the girders and is reduced in
multiple lane loadings. The truck or lane live load is increased 100 percent and
applied to the shear influence line to produce maximum uplift. The allowance
for future wearing surface should not be included in uplift computations when
this additional dead load increases the end reaction.

Bracing

All bracing systems must be attached to the main girder by bolted connections.
Connections within the system are also bolted.

A. Intermediate Diaphragms and Cross Frames

Diaphragms or cross frames are required at each support and throughout
the span at 25' (7.6 m) maximum centers in all bays as specified by
AASHTO. The spacing is adjusted to miss any splice material. The
transverse bracing is placed parallel to the skew for angles up to and
including 15 degrees and normal to the girders for skew angles greater
than 15 degrees. When diaphragms are stepped slightly out of straight
through alignment, the girder flanges will experience the greatest
torsional stress. Larger steps in diaphragm spacing allow the torsional
moment to distribute over a longer girder section. On curved girder
structures, the diaphragms are placed straight through on radial lines to
minimize the effects of torsion since the diaphragms or cross frames are
analyzed as primary load carrying members.

Diaphragm details and dimensions are given on Standards 24.3 and
24.6. Diaphragms carry moment and tensile stresses caused by girder
deflections. In the composite slab region, the steel section acts similar to
the lower chord of a vierendeel truss and is in tension. A rigidly
connected diaphragm resists bending due to girder deflection and tends
to distribute the load. It is preferable to place diaphragms at the 0.4 point
of the end spans on continuous spans and at the center of interior spans
when this can be accomplished without an increase in total number.
Also, if practical place diaphragms adjacent to a field splice between the
splice and the pier. Bolted diaphragm connections may be used in place
of welded diaphragm connections. All cross framing is attached to this
main girder via bolted gusset plates.
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Cross framing is used for web depths over 48" (1225 mm). The bracing
consists of two diagonal members connected at their intersection and one
bottom chord member. The bottom chord is designed as a secondary
compression member. The diagonals are designed as secondary tension
members. The length of a minimum 1/4" (6 mm) fillet weld size is
determined for each member based on a minimum of 75 percent of the
member strength.

On spans over 200' (60 m) in length the stresses caused by wind load
on part of the erected girders without the slab in place may control the
size of the members. Construction loads are also considered in
determining member size.

If welded connections are used, the members which make up the "X"
portion of the bracing are attached with erection bolts which are left in
place after welding the member ends. The "X" angles are field welded at
these intersections.

On haunched steel girders, the cross framing follows the curvature of the
girder. The lower chord is placed at 8" (200 mm) above the higher
bottom flange of the adjacent girders. Refer to sketch below:
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On girders where longitudinal stiffeners are used, the relative position of the
stiffener to the cross frame is checked. When the longitudinal stiffener
interferes with the cross frame, cope the gusset plate attached to the
vertical stiffener and attach the cross frame to the gusset plates as shown
below.

Long. Stiffener
L/ v

B. End Diaphragms

End diaphragms are placed horizontally along the abutment end of
beams or girders and at other points of discontinuity in the structure.
Channel sections are generally used for end diaphragms which are
designed as simply supported edge beams. The live load moment plus
impact is determined by placing one wheel load or two wheel loads 4'
(1.2 m) apart and correcting for the skew angle at the center line of the
member. Generally, the dead load moment of the overlying slab and
diaphragm is insignificant and as such is neglected. End diaphragm
details and dimensions are given on Standard 24 .4.
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End diaphragms are either bolted or welded to gussets attached to the
girders at points of discontinuity in the superstructure. The gusset
plates are bolted to the girders. The same connection detail is used
throughout the structure. The connections are designed for shear only
where joined at a web since very little moment is transferred without a
flange connection. The connection is designed for the shear plus
impact from the wheel live loads.

Lower Lateral Bracing

Lateral bracing requirements for the bottom flanges are to be
investigated as per AASHTO Specifications. BOS practice is to
eliminate the need for bracing by either increasing flange sizes or
reducing the distance between cross frames. The controlling case for
this stress is usually at a beam cutoff point. At cutoff points condition of
maximum stress exists with the smallest flange size; here wind loads
have the most effect. A case worth examining is the temporary stress
that exists in top flanges during construction. These plates which are
often only 12" (300 mm) wide can be heavily stressed by wind load. A
temporary bracing system placed by the contractor may be in order.

On an adjacent span to one requiring lower lateral bracing, the bracing is
extended one or two panel lengths into that span. The lower lateral
system is placed in the exterior bays of the bridge and in at least 1/3 of
the bays of the bridge. On longer spans the stresses caused by wind
load during construction will generally govern the member size.

Lateral bracing consists of two diagonals connected at their intersection.
Bracing must be designed and is attached to the bottom flange as
shown in the Figures. The length of a minimum 1/4" (6 mm) fillet weld
size is determined for each diagonal based on 75 percent of the strength
of the member. Since the effective length in one plane is half that in the
other plane unsymmetrical angles are used.

For curved girders MDX and DESCUSS Il do not consider lower
laterals in the analysis and therefore they are not required if the
design is developed using one of these programs. C-BRIDGE at the
option of the designer will consider lower laterals in the analysis and
then they would be sized based on the stresses that the program
computes. Also our curved girders do not have extremely long span
lengths and the curvature of the girders forms an arch which is
usually capable of resisting the wind forces prior to placing the slab.
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(6)  Girder Selection

The exterior girder section is always designed and detailed equal to or larger than
the interior girder sections. Ratios of girder depth to length of span which is
dependent on type of design are not to exceed values recommended by AASHTO
Specifications. The following criteria are used when determining the selection and
sizes of girder sections.

A. Rolled Girders

Rolled sections without cover plates are preferred. Cover plates are not
recommended due to fatigue considerations and higher fabrication costs.
The following guidelines are used for cover plate design and detailing.

1. Cover plate widths are to be less than the flange width minus 25 mm. A
larger width cover plate may be used if it is wider than the top flange only
in very special cases. Maximum cover plate thickness is two times the
thickness of the flange to which it is attached.

2. A partial length welded cover plate is extended beyond its theoretical
end and terminated at bolted field splice locations.

3. A shop welded butt splice is considered in place of adding cover plates.
Also, a welded plate girder section is considered at piers where a rolled
girder section requires heavy cover plates.

B. Plate Girders

1. Maximum change in flange plate thickness is 1" (25 mm) inch and
preferably less. The thinner plate is not less than 1/2 the thickness
of the thicker flange plate. Plate thicknesses are given in the
following increments:

| 1/16 inch thru 17 (10, 11, 12, 14, 16, 18, 20, 22 & 25 mm)
| 1/8 inch up to 2” (28, 30, 32, 35, 38, 40, 45, 50, 55 & 60 mm)
| 1/4 inch above 2” (10 mm increments above 60 mm)

2. Minimum plate size on the top flange of a composite section is
variable depending on the depth of web, but not less than 12 x %
(300 x 20 mm) for web depths less than or equal to 66” (1675 mm).
Thinner plates become wavy and require extra labor costs to
straighten within tolerances. For plate girder flange widths, use 1
inch (25 mm) increments. For plate girder web depths, use 1 inch
(25 mm) increments. Changes in plate widths or depths are to
follow recommended standard transition distances and/or radii.
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The minimum size flange plates of 16" x 1 1/2" (400 x 40 mm) at
the point of maximum negative moment and 16" x 1" (400 x 25
mm) at the point of maximum positive moment are recommended
for use at plate girders. The use of a minimum flange width on
plate girders is necessary to maintain adequate stiffness in the
girder so it can be fabricated, transported, and erected. Deeper
web plates with small flanges may use less steel but create
problems during fabrication and construction. However, flange
sizes on plate girders with web depths 48" (1225 mm) or less may
be smaller.

3. Flange plate sizes are detailed based on recommended maximum
span lengths given in Table 24.2 for parallel flanged girders. The
most economical girder is generally the one having the least total
weight, but is determined by comparing material costs and welding
costs for added stiffener details. Plates over 60' (18 m) are difficult
to obtain and butt splices are detailed to limit flange plates to these
lengths or less. It is better to detail more flange butt splices than
required and leave the decision to utilize them up to the fabricator.
All butt splices are made optional to the extent of available lengths
and payment is based on the plate sizes shown on the plans.
Since the mills no longer roll plate widths less than 48" (1.2 m),
detail flange plates to the same width and vary the thicknesses.
This allows easier fabrication when cutting plate widths.

4. Minimum web thickness is 7/16" (11 mm) for girder depths less than or equal to
60" (1500 mm). An economical web thickness usually has a few transverse
stiffeners. Refer to Article 24.10 for transverse stiffener requirements. Due to
fatigue problems, use of longitudinal stiffeners in built up members are not
encouraged.

(7)  Welding

Welding design details shall conform to current requirements of AASHTO Standard
Specifications for Welding of Structural Steel Highway Bridges. Refer to the AISC
Engineering Journal (1973) for a commentary on highly restrained welded connections
and lamellar tearing of materials. Due to a number of failures in electroslag welds in
1976-77, this weld procedure is no longer permitted.

Weld details are not shown on the plans, but are indicated by using standard symbols
as given on Chart 24.1. Weld sizes are based on the size required due to stress or the
minimum size for plate thicknesses being connected. The strength of a
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fillet weld equals the fillet size times the allowable basic shear stress times
(0.707) for equal leg weld sizes. The effective or net section is taken as the
shortest distance from the root to the face of the weld.

The following formula is used to compute the weld size for connecting the
flange of a plate girder to the web:

M-M C-C
R = =
ad a
where R = Rate of change in flange stress, kips/inch

M'&M = Moments at sections, inch-kips
C'& C = Forcein flange at the sections, kips

a = Distance between sections of M' & M, inches

d = Effective web depth, inches

Knowing the rate of change in flange stress, the minimum size weld required to
carry this force is chosen and compared to the minimum weld size required.
Generally the minimum weld size governs due to the material thicknesses
employed.

The following data is used to determine minimum fillet weld size based on the
thickness of the thicker part joined.

Fillet Weld Size Thickness of Thicker Part Joined

3/16" (5 mm) to 1/2" (12 mm)

1/4" (6 mm) over 1/2-3/4" (12 to 18 mm)
5/16" (8 mm) over 3/4-1 1/2" (18 to 38 mm)
3/8" (10 mm) over 1 1/2-2 1/4" (38 to 55 mm)
1/2" (13 mm) over 2 1/4-6" (55 to 150 mm)

The fillet weld size is not required to exceed the thickness of the thinner part
joined. Refer to current AASHTO specifications for minimum effective fillet
weld length and end return requirements.

Bevel welds are used to develop the full strength of a member. Specify the

depth of the bevel as 1/8" (3 mm) less than plate thickness due to weld burn
through of at least that much. Since this type of weld develops full member

strength, a strength check is not required.
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(8) Camber and Blocking

When straight girder sections between splice joints are erected, final girder
elevations usually vary in height between the girder and roadway elevations
due to dead load deflections and vertical curves. Since a constant slab
thickness is detailed, a concrete haunch between the girder and slab is used to
adjust these variations. If these variations exceed 3/4" (20 mm), the girder is
cambered to reduce the variation of thickness in the haunch. Straight line
chords between splice points are sometimes used to create satisfactory
camber.

Welded girders are cambered by cutting the web plates to a desired curvature.
During fabrication all web plates are cut to size since rolled plates received
from the mill are not straight. There is a problem in fabricating girders that
have specified cambers less than 3/4" (20 mm) so they are not detailed.

Rolled sections are cambered by the application of heat in order that less
camber than recommended by AISC specification may be used. The concrete
haunch is used to control the remaining thickness variations.

A blocking diagram is given for all continuous steel girder bridges on vertical
curve. Refer to Standard 24.9 for blocking and slab haunch details. Blocking
heights to the nearest 1/8" (3 mm) are given at all bearings, field splices, and
shop splice points. The blocking dimensions are from a horizontal base line
passing through the lower end of the girder at center line of bearing.

| In a table show the top of steel elevations after erection at each field splice and
| centerline of all bearings. Total dead load and concrete only deflections to
| nearest 1/8” at tenth points are to be shown on a deflection diagram.

| Note: The plans are detailed for horizontal distances. The fabricator must
detail all plates to the erected position considering dead loads. Structure
erection considerations are 3-dimensional considering slope lengths and
member rotation for member end cuts.

(9) Expansion Hinges

The "Expansion Hinge" as shown on Standard 24.8 is used where pin and
hanger details were previously used. It is more redundant and, if necessary, the
bearings can easily be replaced. The recommended distance between joints is
given on Standard 24.8. These limits are based on surveys of transverse deck
cracking on steel bridges in Wisconsin over 500' (150 m) long. Continuous steel units
greater than these limits generally had severe transverse deck cracking.
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245 REPETITIVE LOADING AND TOUGHNESS CONSIDERATIONS

Current AASHTO specifications for Structural Steel Design contain major revisions to previous
fatigue design-detail guidelines and requires material impact testing for fracture toughness.
These revisions and additions are the results of performance evaluations over the past decade
on existing highways and bridges under the action of repetitive vehicle loading.

The direct application of fatigue specifications to main load carrying members has generally
been apparent to most bridge designers. As a result main members have been designed
with the appropriate details. However, fatigue considerations in the design of secondary
members and connections has not always been so obvious. Many of these members
interact with main members and receive more numerous cycles of load at a higher level of
stress range than assumed. This accounts for most of the fatigue problems surfacing in
recent years as cracking initiated by secondary members.

(1) Fatigue Strength

The main factors governing fatigue strength are the applied stress, the number of
loading cycles, and the type of detail. The designer has the option of either limiting the
stress range to acceptable levels or choosing details which limit the severity of the
stress concentrations.

Details involving connections that experience fatigue crack growth from weld toes and
weld ends where there is high stress concentration provide the lowest allowable stress
range. This results for both fillet and groove welded details. Details which serve the
intended function and provide the highest fatigue strength are recommended.

Generally, details involving failure from internal discontinuities such as porosity, slag
inclusion, cold laps and other comparable conditions, will have a high allowable stress
range. This is primarily due to the fact that geometrical stress concentrations at such
discontinuities do not exist other than the effect of the discontinuity itself.

AASHTO Specifications provide the designer with six basic design range categories
for redundant and non-redundant load path structures. The stress range category is
selected based on the highway type and the detail employed. The designer may wish
to make reference to "Bridge Fatigue Guide Design and Details" by John W. Fisher.

(2)  Charpy V-Notch Impact Requirements

Recognizing the need to prevent brittle fracture failures of main load carrying structural
components, AASHTO Material Specifications adopted provisions for Charpy V-Notch
impact testing in 1974. Impact testing offers an important measure of material quality,
particularly its ductility. Brittleness is detected prior to placing the material in service to
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prevent member service failures. Wisconsin Standard Specifications for Road and
Bridge Construction require Charpy V-Notch tests on all girder flange and web plates,
flange splice plates, hanger bars, links, rolled beams and flange cover plates. Special
provisions require higher Charpy V-Notch values for non-redundant structure types.

Non-Redundant Type Structures

Previous AASHTO fatigue and fracture toughness provisions provided satisfactory
fracture control for multi-girder structures when employed with good fabrication and
inspection practices. However, concern existed that some additional factor of safety
against the possibility of brittle fracture should be provided in the design of non-
redundant type structures such as single box girders, two plate girder or truss systems
where failure of a single element could cause collapse of the structure. A

case in point was the collapse of the Point Pleasant Bridge over the Ohio River.

Primary factors controlling the susceptibility of non-redundant structures to brittle
fracture are the material toughness, flaw size and stress level. One of the most
effective methods of reducing brittle fracture is lowering the stress range imposed on
the member. In 1977, AASHTO Specifications provided an increased safety factor for
non-redundant members by requiring a shift of one range of loading cycles for fatigue
design with corresponding reduction of stress range for critical stress categories. The
separate tables for redundant and non-redundant load path structures clearly indicates
the need for special cases in the AASHTO Specification. The restrictive ranges for
certain categories will require the designer to investigate the use of details which do
not fall in critical stress categories or induce brittle fracture.
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24.6 DESIGN APPROACH - STEPS IN DESIGN

(1)

(4)

The following steps are taken in determining the Girder or Beam Spacing and the
Slab Thickness:

The girder spacing (number of girders) for a structure is determined by considering the
desirable girder depth and the span lengths. Refer to Section 24.3(3) for design aids.
For typical roadways the girder spacing is shown in the Standard 24.1. For other
roadways it is usually more economical to use fewer girders with a wider spacing and
a thicker slab.

The slab overhang on exterior girders is limited to 3'-7" (1100 mm) measured from
the girder centerline to the edge of slab. The overhang is limited to prevent rotation
and bending of the web during construction caused by the forming brackets.

Check if a thinner slab and the same number of members can be used by slightly
reducing the spacing. Refer to Tables 17.1 and 17.2 for effective girder span versus
slab thickness.

The following steps are taken in estimating the Size of Beams and Girders:

Use design tables and similar structures previously designed in estimating the size of
the members. Refer to Table 24.2 for recommended girder depths for a given girder
spacing and span length.

Use the same width of bottom flange throughout the bridge whenever possible. High
bearing reactions at the piers of continuous girders may govern the width of the
bottom flange.

Strive for a balanced design, use the same size flange plates throughout on all
girders to eliminate the problems of getting the wrong flange sizes on a given girder.

Estimate field splice locations at approximately the 7/10 point of continuous spans.

On haunched plate girders the length of parabolic haunch is approximately 1/4 of the
span length. The haunch depth is 1 1/2 times the mid span depth.

Determine the Dead Loads, Live Loads, and Live Load Distribution Factors for each
member. Add the weight of a possible wearing surface to composite dead load.

Determine the Composite Section for each Member and estimate the Range of
Composite Action for each span.
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()
(6)

On continuous spans estimate the end of composite action at a distance of
approximately 2/10 the span length from the pier. On simple spans use composite
action throughout the span.

Input the Preliminary Design into a Computer Program.
The following Steps are taken using the Output from the Computer Program:

Check the loads of the interior and exterior members to see if one or both members
are to be designed.

Check the live load deflection of the initial design.

Establish the size of flange plates, web plates, rolled beams and cover plates. Check
the bracing of the negative moment flange. The allowable stress may be

reduced on the compression flange. Determine if a thinner stiffened plate girder web
or a thicker unstiffened web is to be used. On deep plate girders the thinner stiffened
web is more economical. The use of a slightly heavier rolled section with an increased
section modulus eliminates small cover plate requirements. Wide flange beams are
used in preference to I-beams.

Establish butt splice and field splice locations and the length of cover plates. Where
a change in steel section is needed, plate girder flanges are butt spliced rather than
cover plated.

For a rolled beam consider a shop welded butt splice or adding cover plates to
increase section size. Also, check the maximum rolling lengths of plates to see if
additional butt splices are required.

Determine the range of composite action for each span. This is the point where
shear connectors are omitted or where positive dead load and live load moment do
not occur.

The stiffness of the composite section is used for determining live load moments and
shears. Dead load moments and shears are based upon the stiffness of the
noncomposite steel section.

Input the Proposed Final Design into a Computer Program.

For plate girders include the change in section at butt splices but do not include the
change in weight. The fabricator may assume the cost of extending the heavier plate
and eliminating the butt splice. The fabricator has used this option on numerous
occasions. Shim plates are provided at the bearing to allow for either option.
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(8)

(10)

(11)
(12)

(13)

(14)

In Continuous Spans it is necessary to re-input the Size of the Members into the
Computer Program when the Final Design is appreciably different than the design
originally input.

Changing the stiffness of members in the span or over a support effects the
distribution of moments, shears and reactions.

Design the Bearings and Bearing Stiffeners.

The bearings are designed at an early stage in the design since they may govern the
width of the bottom flange plates.

Check the Live Load Deflections and Upilift.

Design the Field Splices

Determine the Shear Connector Spacing from Program Print Out.

Refer to Section 24.7(5) for shear connector spacing. Determine the distance from
the piers where shear connectors are omitted and field welding to the top flange for
construction purposes is not permitted.

Design any Transverse and Longitudinal Stiffeners that are required.

Design the Lateral Bracing and End Diaphragms. Refer to Standards 24.3 through
24.6. Consideration must be given to connection details susceptible to fatigue crack

growth.

Determine the Dead Load Deflections, Blocking, Camber, Top of Steel and Top of
Slab Elevations with the aid of the Steel Girder Geometrics Computer Program.

Analyze the Structure for Stresses caused during erection and construction for
possible overstresses. Check the Lateral Bracing without the Deck Slab.

Determine the Slab Pouring Sequence. Refer to Standard 24.11. Determine the
maximum amount of Concrete that can be poured in a day. Determine Deflections
based on the Proposed Pouring Sequence.

Date: April, 2002 Page 30



BRIDGE MANUAL STEEL GIRDER STRUCTURES SECTION 24.7

24.7 COMPOSITE DESIGN AND SHEAR CONNECTORS

(1)

3)

(4)

Composite Action

Composite design in steel pertains to structures composed of steel beams or girder
with concrete slabs connected by shear connectors. The shear connectors prevent
slip and vertical separation between the bottom of the slab and the top of the steel
member. Unless temporary shoring is used the steel members deflect under the dead
load of the wet concrete before the shear connectors become effective. Temporary
shoring is not used in Wisconsin, therefore, composite action refers to the live load
and portions of dead load placed after the concrete deck has hardened. The
composite section in the positive moment area is the concrete in compression. In the
negative moment area the composite section is the bar steel reinforcement in the slab.
However, the effect of the composite section in the negative moment region is not
used and shear connectors are not placed in this region. Composite sections are
proportioned to have the neutral axis lie below the top flange of the steel member.

Values of n for Composite Design

The effective composite concrete slab is converted to an equivalent steel area by
dividing by n. For f'c = 4 ksi (28 MPa), use n = 8.

f'c = minimum ultimate compressive strength of the concrete slab at 28 days.
n = ratio of modulus of elasticity of steel to that of concrete.

The effect of creep is to be considered in the design of a composite member which
has dead loads acting on the composite section. In such structures, stresses and
horizontal shears produced by dead loads acting on the composite section are
computed for a value of n as given above or for 3n, whichever gives the higher
stresses and shears.
Composite Section Properties
The minimum effective slab thickness is equal to the nominal slab thickness minus
1/2" (15 mm) for wearing surface. The maximum effective slab width is defined by
AASHTO specifications.

Computation of Stresses

A. Composite Stresses
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()

_ DLM (Slab& Steel) N LLM (Traffic) N DLM (SDW ,Curbs) N

b S(steel) S(composite) S(composite)
LLM ( Pedestrian)
S(composite)
B. Noncomposite stresses

_ DLM(Slab& Steel) N LLM((Traffic) N DLM(SDW , Curbs)

b S(steel) S(steel) S(steel)
LLM ( Pedestrian)
S(steel)
where: f,  is the computed steel bending stress

DLM is the dead lead moment
LLM is the live load moment
S is the elastic section modulus

Shear Connectors

Refer to Standard 24.2 for shear connector details. Three shop or field welded 7/8"
(22 mm) diameter studs, 4" (100 mm) long are placed on the top flange. The studs
are equally spaced with a minimum clearance of 1 1/2" (40 mm) from the edge of the
flange. On girders having thicker haunches where stud embedment is less than 2"
(50 mm) into the slab, use longer studs to obtain the minimum embedment.

Shear connectors are carried to the point nearest the support where positive moment
for combined dead and positive live loading exists. This termination point is used;
although theoretically, the shear connectors may be terminated when the steel
section can carry the positive moment. The allowable stress in a tension flange is
reduced by the fatigue criteria if shear connectors are attached. The top flange is the
tension flange for negative moment which may control the flange plate size.
Connectors which fall on the flange field splice plates are respaced near the ends of
the splice plate. The maximum spacing of shear connectors is 2' (600 mm). Begin
connector spacings 9" (230 mm) min. from centerline of abutments.

The shear connector spacing at the tenth points along the span can be determined by using
the maximum value of composite moment of inertia in the span. Shear connector spacing is
determined by the formula based on fatigue and horizontal shear found in AASHTO.
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The number of shear connectors required for fatigue are checked to insure that
adequate connectors are provided for ultimate strength. In most cases the connector
spacing, three per set, using output based on fatigue requirements is more than
adequate for ultimate strength design requirements. Additional shear connectors
may be required for ultimate strength design on structures having spans in excess of
150' (45 m).

The number of shear connectors required for ultimate strength is checked between
points of maximum positive moment and the adjacent end supports (N1). The
formulas given in the AASHTO specification are applied in the design example for
shear connectors.

Additional shear connectors are required at the point of contraflexure when
reinforcement steel embedded in the concrete is not used in computing section
properties for negative moments. The additional connectors are required to fully
develop the slab stresses. The number of additional connectors is computed from
the formula in AASHTO.

The additional connectors shall be placed adjacent to and centered on either side of
the dead load point of contraflexure within a distance equal to one-third the effective
slab width.

Date: April, 2002 Page 33



BRIDGE MANUAL STEEL GIRDER STRUCTURES SECTION 24.8

24.8 FIELD SPLICES

(1)

(2)

Computer Program

A computer program is used to design the field splices for wide flange beams and
plate girders. Allowable Stress Design is used by the program. The computer outputs
the following list of design information.

Net composite and noncomposite section moduli.
Actual stresses, range of stresses, and allowable fatigue range stresses.

Required number of vertical bolt lines for one side of the web splice and the
number of bolts per line.

Required net area of top and bottom flange splice plates and the number of
bolts for one side of the flange splice.

Location of Field Splice

Field splices shall be placed at the following locations whenever it is practical:

At or near a point of dead load contraflexure.

So that the maximum rolling length of the flange plates is not exceeded, thus
eliminating one or more butt splices.

At a point where the fatigue in the net section of the base metal is held to a
minimum.

To limit section length t0o120' (36 m) between splices unless special conditions govern.

Splice Material

The splice material is the same as the members being spliced. Generally, 3/4" (M20)
diameter

high strength A325 bolted friction-type connectors are used unless the proportions of the
structure warrant larger diameter bolts.

All steel girder field splices on structures that are to be painted shall be designed using an
allowable working shear stress for A325 bolts of 15 ksi (103 MPa). For unpainted blast
cleaned steel or steel with organic zinc paint, field splices shall be designed using a shear
stress of 23 ksi (158 MPa).
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A. Web Splice

The method used to design the web splice is taken from "Design of Steel
Structures" by Gaylord and Gaylord. It is based on the following equation:

b (R

- t(s>+v?)

where: P is the vertical spacing (pitch) of bolts equally spaced.
R is the allowable force on one bolt in double shear
n is the number of vertical bolt lines on one side of splice
t is the web thickness
s is the maximum bending stress in the web
v is the average shear stress in the web

Two separate designs are output by the program for the web splice. One is
referred to as the 75% criteria and the other as the average stress criteria.
In the above equation s and v are set equal to the following values:

75% CRITERIA

s = 75% of .55 times the yield stress of the flange.
If top and bottom flange have different yield stresses,
the higher yield stress is used.

v = 75% of the input "Allowable Shear Stress". *

AVERAGE STRESS CRITERIA

s = The average of the maximum bending stress and .55
times the yield stress of the flange. Since there are
four flanges, four "s" values are computed and used
to compute four values of "p".

v = The average of the actual shear stress (computed
from the input "Total Shear") and the input "Allowable
Shear Stress". Two "v" values are computed (one for
each side of the splice) and used with the

corresponding four "s" values.

* For Plate Girders see AASHTO Figure 1.7.43D1 or Figure 1.7.43D2.
For Rolled Beams see AASHTO Table 1.7.1A. Use 12 ksi (80 MPa)

The design based on the average stress criteria is obtained by first selecting
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the required pitch on each side of the web. The computed pitches on
one side of the web at the top and bottom flanges are compared and
the smallest is the one that is saved. From the two pitches (one on
each side of the web) remaining, the program uses the larger one for
the final web splice design. The larger pitch is used because the
program designs for the weaker of the two pieces being spliced.

Flange Splice

The net area of the flange splice is determined from the following

equation:

where:

F
A=—
S

A is the net area required for the flange splice
plates. This is the total net area required for the
splice plates on both sides of the flange. (Top and
bottom of flange). The area of the splice plates on
both sides of the flanges should be approximately
the same.

F is the force in the flange obtained by multiplying
the "Net Flange Area" by the following four
stresses:

1. 75% of .55 times the yield stress of the flange.

2. The average of the maximum bending stress
and .55 times the yield stress of the flange.

3. The range of stress in the flange allowed for
truck loading. This is used to determine the
net area of flange splice plates required to
satisfy the allowable fatigue stress range.

4. The range of stress in the flange allowed for
lane loading.

s is equal to .55 times the yield stress of the splice
material for Number 1 and 2 above, and the
allowable fatigue range for Number 3 and 4.
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Using the four stresses mentioned above, four values of "A" will
be computed for each flange. The maximum of these four values
for each flange are then compared to the maximum of the four
values of the adjacent flange and the minimum of the two
maximums are output for the top flange and bottom flange.
These two values are the "REQUIRED TOP NET AREA" and the
"REQUIRED BOTTOM NET AREA".

The number of bolts required for the flange splices is calculated
from the following equation:

v
~ (aD*2)(F,)

where: N is the number of bolts required. ("N" is
rounded up to the next highest even
number).

F is the force in flange calculated by
multiplying the "Net Flange Area" by the
greater of the following two stresses.

1. Seventy five percent of .55 times the yield
stress of the flange.

2. The average of the maximum bending stress
and .55 times the yield stress of the flange.

D is the bolt diameter.

F is the allowable shear for a friction-type
connection with a standard type hole.

The number of bolts required in the top flange splice plates is
determined by selecting the minimum required for the two top
flanges. The minimum number is selected because the program
designs for the weaker of the two pieces being spliced. The
number of bolts required in the bottom flange splice plates is
determined by the same method used for the top flange splice
plates.
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24.9 BEARING STIFFENERS

Bearing stiffeners are placed normal to the web of the girder except for skew angles of 15°
or less. Here, they may be placed parallel to the skew at abutments and piers to support the
end diaphragms or cross framing.

For structures on grades of three percent or more, the end of the girder section at joints is to
be cut vertical. This is to eliminate the large extension and clearance problems at the
abutments.

1.

Plate Girders

Bearing stiffeners are placed over the end bearings of welded plate girders and also
over the intermediate bearings of continuous welded plate girders. The bearing
stiffeners extend as near as practical to the outer edges of the flange plate. They
consist of 2 or more plates placed on both sides of the web. They are ground to a
tight fit at the top flange, welded to the web on both sides with a 1/4" (6 mm) minimum
fillet weld, and attached to the bottom flange with full penetration groove welds.

Rolled Beams

Bearing stiffeners are placed over the bearings of rolled beams when the unit shear in
the web adjacent to the bearing exceeds 75 percent of the allowable shear stress in
the web of the beam. The web of the steel beam carries the total external shear,
neglecting the effect of the steel flanges and the concrete slab. The shear is assumed
to be uniformly distributed across the gross area of the web.

Design

Bearing stiffeners are designed as columns which transmit the entire end reaction to
the bearings. For stiffeners consisting of 2 plates, the column section is assumed to
consist of the 2 plates and a centrally located strip of web whose width is less than or
equal to 18 times the thickness of the web. For stiffeners consisting of 4 or more
plates, the column section is assumed to consist of the plates and a centrally located strip of
web whose width is equal to that enclosed by the plates plus a width of not more than 18 times
the web plate thickness. Use a spacing of 9" (225 mm) center to center of plates on bearing
stiffeners consisting of 4 plates. No part of the web is considered to act in bearing on hybrid
girders which have a ratio of minimum yield strength of the web to minimum yield strength of
the tension flange less than 0.70. An effective length factor, K, of 0.75 is used.

Bearing stiffeners may be made of Grade 36 (250) steel unless higher strength or weathering
steel is required. The allowable compression in the bearing stiffener is determined from the
formula in AASHTO:
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F, =16,980—0.53(KL/r)
(F, =117.1-0.00368(KL / r)*)

| where: L is the depth of the web, in. (mm)
K is the effective length factor
| r is the radius of gyration, in. (mm)

The thickness of bearing stiffener plates is not less than specified by AASHTO.

'

b 1/2
=5 (Fy /33,000

b 172
(t =7 (Fy/22754)")

where: t is the thickness of one plate, in. (mm)
b' is the width of one stiffener plate extended as near
practical to the outer edge of the flange, in. (mm)
Fy is the yield point strength of the bearing stiffener.

The bearing pressure on the edge of the bearing stiffener against the bottom flange
of the member is checked. The allowable bearing on milled stiffeners and other parts
of steel in contact is 0.80 Fy. In calculating the bearing stiffener assume that the web
transfers the entire reaction to the bearing stiffener plates. Deduct 1 1/4" (30 mm)
from the plate width for each clipped corner required to clear the flange to web weld.
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24.10 TRANSVERSE INTERMEDIATE STIFFENERS

Transverse intermediate stiffeners are plates which are welded to the web and compression
flange of the member with a tight fit at the tension flange. Indicate on the plans the flange to
which stiffeners are welded. The stiffeners are attached to the web with a continuous 1/4" (6
mm) fillet weld. The dead load moment diagram is used to define the compression flange.

If longitudinal stiffeners are required, the transverse stiffeners are placed on one side of the
web of the interior member and the longitudinal stiffener on the opposite side of the web.
Place intermediate stiffeners on one side of interior members when longitudinal stiffeners are
not required. Transverse stiffeners are placed on the inside web face of exterior members. If
longitudinal stiffeners are required, they are placed on the outside web face of exterior
members as shown on Standard 24.2.

Transverse stiffeners can be eliminated by increasing the thickness of the web. On plate
girders under 48" (1225 mm) in depth, consider thickening the web to eliminate all transverse
stiffeners. Within the constant depth portion of haunched plate girders over 48" (1225 mm)
deep, consider thickening the web to eliminate the longitudinal stiffener and a portion of the
transverse stiffeners within the span.

Current AASHTO Specifications limit bending stress where the girder panel is subject to
"tension field action" under the simultaneous action of shear and bending moment. If the full
permissible shear stress is allowed, bending stress is limited to approximately 75 percent of
the maximum allowable. If the shear stress is limited to 60 percent of the maximum allowable,
full bending stress is allowed. This can be accomplished by decreasing the transverse
stiffener spacing which in turn increases the allowable shear stress.

The minimum size of transverse stiffeners is 5 x 3/8" (125 x 10 mm). Minimum stiffener width,
thickness and moment of inertia is specified by AASHTO.

Transverse stiffeners are placed on the inside face of all exterior girders where the slab
overhang exceeds 2' (600 mm) as shown on Standard 24.2. The stiffeners are to prevent
web bending caused by construction of the deck slab where triangular overhang brackets are
used to support the falsework.

If slab overhang is allowed to exceed the recommended 3'-7" (1100 mm) on exterior girders,
the web and stiffeners should be analyzed to resist the additional bending during construction
of the deck. Overhang construction brackets may overstress the stiffeners. It may also be
necessary to provide longitudinal bracing between stiffeners to prevent localized web
deformations which did occur on a structure having 5' (1500 mm) overhangs.

For stiffeners placed on one side of the web only the moment of inertia provided is:
_w
-3
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where: | is the moment of inertia of one transverse stiffener
about the face of the web plate.
t is the thickness of one transverse stiffener.
h is the width of one transverse stiffener.

When the diaphragms are connected to the transverse intermediate stiffeners, the stiffeners
are welded to both the tension and compression flanges. This detail is preferred over bolting
details which cost $75-100 extra to fabricate (1996 cost). Flange stresses are usually less
than the Category C allowable fatigue stresses produced by this detail which the designer
should verify.
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24.11 LONGITUDINAL STIFFENERS

Longitudinal stiffeners are plates which are placed on the web at 1/5 of the depth of the web
from the compression flange. On the exterior members, the longitudinal stiffeners are placed
on the outside face of the web as shown on Standard 24.2. If the longitudinal stiffener is
required throughout the length of span on an interior member, the longitudinal stiffener is
placed on one side of the web and the transverse stiffeners on the opposite side of the web.
Longitudinal stiffeners are normally used in the haunch area of long spans and on a selected
basis in the uniform depth section.

Where longitudinal stiffeners are used, place intermediate transverse stiffeners next to the
web splice plates at a field splice. The purpose of these stiffeners is to prevent web buckling
before the girders are erected and spliced.

AASHTO Specifications give the web thicknesses where longitudinal stiffeners are required.
Also, AASHTO specifies a minimum stiffener thickness and a minimum stiffener moment of
inertia.

The longitudinal stiffener cut-off point is determined from the formula defined by AASHTO.

If computations indicate that the top or bottom flange carries a compressive stress, and the
thickness of the web at that point is less than D/170, then a longitudinal stiffener is required
at D/5 from that flange. It is possible to have an overlap of longitudinal stiffeners at D/5 from
the top flange and D/5 from the bottom flange due to the variation between maximum positive
and maximum negative moment.

Longitudinal stiffeners are extended full length on exterior girders for aesthetics.
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24.12 CONSTRUCTION

When the deck slab is poured, the exterior girder tends to rotate between the diaphragms.
This problem may result if the slab overhang is greater than recommended and/or if the
girders are relatively shallow in depth. This rotation causes the rail supporting the finishing
machine to deflect downward and changes the roadway grade unless the contractor provides
adequate lateral timber bracing.

Stay in place steel forms are not recommended for use. Steel forms have collected water
that permeates through the slab and discharges across the top flanges of the girders. As a
result the flanges are corroding. Since there are several cracks in the slab, this is a
continuous problem.

Where built up box sections are used, full penetration welds provide a stronger joint than

fillet welds and give a better looking joint.

-~ Secondary Force
&

Full Penetration Weld Fillet Weld

The primary force of the member is tension or compression along the axis of the member.
The secondary force is a torsion or racing force on the member cross section which
produces a shearing force across the weld.

During construction holes may be drilled in the top flanges in the compression zone to
facilitate anchorage of posts for the safety lines. The maximum hole size is 3/4" (20 mm) ¢
and prior to pouring the concrete deck, a bolt shall be placed in each hole.
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24.13 PAINTING

The final coat of paint on all steel bridges shall be an approved color. Exceptions to this
policy may be considered on an individual basis for situations such as scenic river
crossings, unique or unusual settings, or local community preference. The District is to
submit requests for an exception along with the Structure Survey Report. The colors
available for use on steel structures are shown in Chapter 9.

Unpainted weathering steel is used on bridges over streams and railroads. All highway
grade separation structures require the use of painted steel as unpainted steel is subject
to excessive weathering from salt spray distributed by traffic. On weathering steel
bridges, the end 6' (1800 mm) of any steel adjacent to either side of an expansion joint
and/or hinge is required to have two shop coats of paint. The second coat is to be brown
color similar to rusted steel. Do not paint the exterior girder faces for aesthetic reasons
but paint the hanger bar on the side next to the web. If the girder web depth exceeds 6’
(1800 mm), paint the girder ends the distance of the web depth. Additional information
on Painting is presented in Chapter 9.0 - Materials.
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24.14 FLOOR SYSTEMS

In the past floor systems utilizing two main girders were used on long span structures.
Current policy is to use multiple plate girder systems for bridges having span lengths up
to 400' (120 m). Multiple girder systems are preferred since they are redundant; i.e.,
failure of any single member will not cause failure of the structure.

In a two girder system the main girders are designed equally to take the dead and live
load unless the roadway cross section is unsymmetrical. The dead and live load carried
by the intermediate stringers is transferred to the floor beams which transmit the load to
the main girders. In designing the main girders it is an acceptable practice to assume
the same load distribution along the stringers as along the girder and ignore the
concentrated loads at the floor beam connections.

The design criteria used for the girders with the floor systems is the same as the criteria
used for plate girders and rolled sections. Pay particular attention to the connection
details to be sure they are adequate and to the lateral bracing requirements and
connections.
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24.15 BOX GIRDERS

Initial considerations for the design of box girders indicated a material savings in the structure
due to a more liberal live load distribution factor and to lesser requirements for transverse
bracing between girders. Box girders present a smooth, uncluttered appearance under the
bridge deck due to the lack of transverse bracing and to their closed section.

With these apparent benefits Wisconsin designed some trapezoidal box girders to see what
the steel fabricators and bridge contractors experience would indicate.

These structures are now open to traffic in Wisconsin. Due to the geometric limitation of
plate sizes to control buckling, there was no material savings with box girders. It also
appears that more intermediate lateral bracing was required between the girders to transfer
wind loads than was provided.

In the design of box girders, the concrete slab was designed as a portion of the top flange
and also as the support between the two girder webs. During construction the box girder
required additional bracing to support the web until the slab was in place. This was either
temporary bracing removed after the slab was cured or permanent bracing left in place. In
either case, it was an additional cost item. In addition, temporary bracing was required
between the girders to transfer wind loads until the deck slab was poured.

Current experience shows that box girders may require more material than conventional
plate girders. On longer spans additional bracing between girders is required to transfer
lateral loads. Therefore, the use of box girder bridges is not currently recommended.
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24.16 DESIGN EXAMPLE

(This example uses English units).

47!_01:
1'_6" 44#_0u 1""5"
o (yA
) /—8 \/o" SLAB
g i i | i
L 3 _E.}\ 10|_0 ,; 10 _0 >]:\ lon_ou \E/ lol_ou ,E!_II 5”

CROSS SECTION

HS20 live loading, 2 span continuous 180'-0, 180'-0
(10'-0") - 1/2 (14" Top Flg) = 9'-5" eff. span.

Use 8 1/2" slab.

Make all girders same.

Full curb load (parapets) to exterior girders.

Structure is designed for a future wearing surface of 20 pounds per square foot.

Allowable Design Stresses:

Concrete Masonry: Slab .......... i = 4,000 psi
All other .... f'c = 3,500 psi

Bar Steel Reinforcement, Grade 400 (60) ..... fy = 60,000 psi

Structural Carbon Steel Grade 250 (36)

Minimum Yield Strength .................... Fy = 36,000 psi

Structural Low-Alloy Steel Grade 345(50)

Minimum Yield Strength ..., Fy = 50,000 psi
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COMPUTER INPUT

Interior Girders:

LL Distr. Factor = 10.00 = 1.82 wheels/girder
5.5
LLR = (40+10.0+6.0) = 2.0 wheels/girder
10.0
/' o [ ‘' » ‘' n
Typical interior girder 4-94, 6-o 4-o €-°
spacing with wheel { v |
loadings for Live Load y Y
Reaction B jo'- 0" joho”
Concrete Dead Load:
Slab = 8.5"/12 x10.0'x 150 = 1063
Diaphragms & Miscellaneous = 50
Total Load = 1113 #/Ft.

Curb Dead Load = (10.0)(20) = 200 #/Ft. due to possible placement of future
wearing surface. Curb dead load is to be placed on the composite section.

Exterior Girders

LL Distr. Factor = 10.0 = 1.54 wheels/girder
4 + (0.25)(10.0)
_ 20 glo” 4-0"
Location of wheel [\r
loadings for Live )
Load Reaction 1[:3'.(' lo-0"
LLR = (4.0 + (10.0) = 1.4 wheels/girder
(10.0)

Date: April, 2002 Page 48



BRIDGE MANUAL STEEL GIRDER STRUCTURES SECTION 24.16

Concrete Dead Load:

Slab
Diaphragms & Misc.

8.5"12x8.08'x150 = 859
40

le—— OPT. BUTT SPLICE
90*'-0"

l
35'-0 : 35'-0" 20-0"
+

22" x 1" 22" x 1Yy 22" x 1" 2 x 2 Y
180'-0" SPAN 1 & SPAN 2

Total Load = 899#/Ft =  900#/Ft
Curb Dead Load = 338#/Ft + (7.0')(20) =  A78#/Ft.
COMPUTER OUTPUT
Final Plate Sizes
P w— @ PIER
—q ¢ - " 4 R
~— € BRG. @ ABUT. FIELD SPLICE —= . e
14" " I 22" X 1'/2“ 22| x 2 /4 7 |
| — 1" x Ya : Y" | ¥ ;
| 2|8 o | .
| x1g" : | |
| @ | \
i :
" |
a o
| |

v
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Live Load Deflections

From the SIMON computer output for Interior and Exterior girders, Span 1, the live
load deflections are tabulated below:

Actual maximum deflection for interior girders = 1.32"
Actual maximum deflection for exterior girders = 1.35"

Checking with the allowable deflection of L/1250 = 180'x 12 =1.728"
1250

The actual deflection is well within allowable limit.

Bearing Stiffener Design - At Pier

Interior Girder Reaction

(Dead Load + curb load + live load brg. lane) reaction = 567.9 kips
Interior girder reaction controls

Cross section of girder at pier

Top and bottom flanges 22"x21/4" (Grade 50)
Web Plate 84" x 9/16"  (Grade 50)
1Btw = 10.125

(‘%6"
tw

22"

1 2N

]
%

:<——— ¢ BRG.
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Referring to above sketch, try 2 Plates - 10 1/4" x 1 3/8" (Grade 36)

tmin> 10.25 (36/33)"2 = 0.892" < 13/8" o.k.
12

Stiffener column area is as follows:

A = (2)(10.25 x 1.375) + (10.125 x .5625) = 33.88 sq. in.
facway =  567.9 x 1000 = 16,762 psi
33.88

falow) = 23,580 - 1.03 (KL/r)> where

K = 0.75

L = 84"

r = (I/A)"?

| = bh®/12= (1.375)(21.0625)° /12 = 1,070.6 in.*

A = 33.88 Sq. In.

r (1070.6/33.88)"? = 5.62in.

fatowy = 23,580 - 1.03 [(0.75) (84/5.62)]
= 23,450 psi > 16,762 f(actuay 0.k.
Stiffener bearing area deducting for 1 1/4" clipped corners is as follows:
A = (2)(10.25 - 1.25)(1.375) = 24.75in.?

forg) 567.9 x 1000 = 22,945 psi
24.75

f(allow) = 0.8 Fy = 28,800 psi >f(brg) o.k.

Use: 2 plates 10 1/4" x 1 3/8" (Grade 36)
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Check Uplift
HS-20 Live Load

Abut.
Abut’.

180- 180-0"

Py

Check uplift at east abutment, by employing influence line coefficients for shear
(from continuous beam analysis program).

Lane Loading = (103.9 x 0.1 x .640) + (88 x .001 x 26) = 8.94 kips T

Truck Loading = (88 x.001 x 32) + (84.7 x .001 x 32) + (79 x .001 x 8)
= 6.16 kips T

Lane loading governs the uplift at 8.94 kips T

Impact = 50 x (100) = 16.4%
180.0 + 125

The total uplift force is as follows:

= (loading)(impact)(no. of lanes)(lane reduction)(100% increase)
= (8.94)(1.164) x (3) x (0.9) x 2 = 56.19 kips-

The dead load reaction is as follows:

Exterior girders + Interior girders

(2)(74.7) = 3 (88.1) = 413.7 kips ¥
Uplift does not occur at the abutments, permanent hold down devices are not required.

Field Splice Design

Top flg. 14 x 3/4 (Grade 50) spliced to 22 x 1 1/2 (Grade 50)
Web 84 x 9/16 (Grade 50) spliced to 84 x 9/16 (Grade 50)
Bottom Flg. 22 x 1 1/4 (Grade 50) spliced to 22 x 1 1/2 (Grade 50)

All field splice plates are Grade 50 steel and A325 - 3/4 inch diameter bolts are used
throughout an allowable double shear value of 16 kips per square inch.
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Top Flange Splice

From Computer output: Net Area required = 7.88 in? and 16 bolts/side (2 bolts/line)

(14)(3/8) - (2)(3/4 + 1/16)(3/8) = 4.64 in
(2)(6)(3/8) - (2)(3/4 + 1/16)(3/8) = 3.89 in?

Total Area = 8.53in.2 > 7.88in?
(1 1/4) + (7)(2 1/2) + (1 1/2)) x 2 = 3'-4 1/2" Long

Use: 1 Plate 14 x3/8 x3' -4 1/2" Long
2 Plates 6 x 3/8 x3' -4 1/2" Long

32 - 3/4" H.S. Bolts

Bottom Flange Splice

From Computer output: Net area required = 20.44 in.? and 40 bolts/side (4 bolts/line)

(22)(3/4) - (4)(3/4 + 1/16)(3/4)

14.06 in?
(2)(10)(1/2) - (4)(3/4 + 1/16)(1/2)

8.37 in°

Total Area Provided = 22.43 in?> > 20.44 in®
(1 1/4) + (9)(2 1/2) + (1 1/2)) x 2 = 4'-2 1/2 Long

Use: 1 Plate 22 x3/4x4' - 21/2" Long
2 Plates 10 x 1/2x 4" -2 1/2" Long

80 - 3/4" H.S. Bolts
Web Splice
Computer output: 2 vert. lines per side with 29 bolts each.
(1 1/4)+(1)21/2)+11/2) 2 = 10 1/2" wide
Use: 2 Plates =10 1/2" x 3/8 x 5'-2 Long

4 vert. lines, 29 bolts per line pitched at 2 3/4"
116 - 3/4" H.S. Bolts
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Transverse Intermediate Stiffener Design

Transverse intermediate stiffener spacing is limited to one half the web depth at the
abutments and the maximum spacing is limited to 1.5 times the web depth. Current
AASHTO Specifications require transverse stiffeners if the web thickness is less than
D/150.

Reference is made to Section 24.10 for discussion of current computer design. SIMON
computer output print distances in feet from left end of span to each transverse
stiffeners as follows:

35 140 117.0 127.5 138.0 148.5 159.0 169.5

Stiffener Size Criteria

AASHTO Article 10.48.5.5 has the requirement of the criteria for width-to-thickness
ratio and moment of inertia of transverse stiffeners.

SIMON Computer Program prints out size of transverse stiffener plates. This sample
problem requires 6 1/4" x 1 1/8" plates.

The required moment of inertia according to AASHTO requirement Article 10.34.4.7
and 10.48.5.5 is:

| (req'd) = (do)(tw)*(J) where:

= Minimum permissible moment of inertia of any type of transverse
intermediate stiffeners in inches®.

J = Required ratio of rigidity of one transverse stiffener to that of the
web plate.

tw = Thickness of the web plate in inches.

D = Unsupported depth of web plate between flange components in
inches.

do = Actual distance between stiffeners in inches.

J = 2.5 (D/do)? -2.0 * 0.5
2.5 (84/126)* -2.0 <0.5
Use 0.5
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| (req'd) 126 x (.5625)* x .5 = 11.22in*

®)(h)® = 1.125(6.25)° = 91.5in* ok.
3 3

| (prov'd)

Use: 6 1/4 x 1 1/8 stiffeners at both spans

Longitudinal Stiffener Design

Past experience shows that the steel girder bridges with longitudinal stiffeners are a
constant source for fatigue crack problems. Current policy is to avoid longitudinal
stiffeners at all steel girders. However, if longitudinal stiffeners are absolutely
unavoidable in steel girder design, AASHTO Article Nos. 10.48.6.1, 10.48.6.2 and
10.48.6.3 should be followed.

Slab on Steel Girder Design

Reference is made to Design Manual Figure 17.1 and Table 17.2 for slab
reinforcement location and bar steel reinforcing requirements. The effective span and
slab thickness are required to use Table 17.2.

Effective Span = 10'-0" - (1/2)(14") = 9'-5"
Slab Thickness (T) = 8 1/2 inches

From Table 17.2, the following reinforcement is required:

"A" and "B" Bars: #6's @ 8 1/2 Center to Center
"C" Bars: #4's (12 Total)
"D" Bars: #4's (10 Total)
"E" Bars: #9's (6 Total)

Note in addition to "D" bars, "E" bars are required in the negative moment regions of
continuous spans. The minimum reinforcement including the longitudinal distribution
reinforcement must equal or exceed 1 percent of the cross-section area. Two-thirds
of this required reinforcement is to be placed in the top layer of the slab within the
effective width.

The area required ("E" Bars) in the negative moment regions is supplied by using 6 -
#9's placed within effective width of girders. These "E" Bars are extended from the
negative moment regions of continuous spans at least 40 bar diameters beyond the
additional shear connectors into the positive moment regions.
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Shear Connector Design

Shear connectors are welded in sets of three to the top flange in either the shop or
field. The shear capacity of (3)-4" x 7/8" f connectors is 23.8 kips. The maximum
shear connector spacing by AASHTO Specifications, 10.38.5.1, is 2 feet and they
are terminated nearest to the continuous support where positive moment for
combined dead load and positive live loading exist.

The following shear connector spacings are given on the SIMON Computer output
for Span 1:

6 Spaces @ 1'-9"
80 Spaces @ 2'-0"

The shear connector termination point in Span 1 is located between the 7th and
8th tenth points as follows:
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By scale, the ordinates are equal to the 0.74 point of Span 1 which is approximately
47 feet from the pier. For detailing purposes, the connectors are terminated at an
even spacing beyond the 0.74 point.

The following formulas from AASHTO Article 10.38.5.1.2 are used to determine the
shear connector requirements for ultimate strength. The number of connectors (N1)
required from the points of maximum positive moment and adjacent end supports are
as follows:

N, = P where P is the smaller
dSu

of P1 or Py, ¢ = 0.85, and Su is the ultimate strength capacity of the
shear connector.

P; = AFy, As = 85.25in?
P; = (85.25)(50,000) = 4,262,500 #
P, = 0.85fbc

= (0.85)(4000)(96)(8.0) = 2,611,200 #
P =P, = 2,611,200 #

Su = 0.4 (d)?(fc Ec)"? for studs
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(0.4)(7/8)> ((4000)(3,600 x 1000))"? = 36,750 #

N+

2,611,200 = 83.6 studs required
(0.85)(36,750)

The actual number based on fatigue and horizontal shear from the 0.0 to 0.4 point
of Span 1 or 2 is:

6 Spaces @ 1'-9" = 10'-6"
30 Spaces @ 2'-0" = 60'-0"
1'-0" from end = 1'-0"

71!_6"

Total Number of Studs provided = (37)(3 per set) = 111 studs o.k.
Additional shear connectors to develop slab stress at the point of contra-flexure are
required by AASHTO Specifications, Article 10.38.5.1.3, when reinforcement steel
embedded in the concrete is not used in computing section properties for negative
moments. The additional sets are computed from the following formula:

Ne = A% x (fr/Zr)

A®, = 10.40 in

N =(10.40)(10,000) / 24,346 = 4.3 sets

Use six extra sets of three studs; place three sets on either side of the field splice.

Lateral Bracing Check

Determine the need for Lateral Diagonal Bracings (Lower lateral bracings).
Depth of Section = 2.67'+ 0.71 + 7.00 = 10.4 ft*/ft
Wind Force = 50#/ft> x 10.4 ft?/ft = 520#/ft. Apply 1/2 of this (260 #/ft) to lower
Lateral System. For the sake of simplicity in this computation assume all 10th

points of span considered:

foo = 18 ksi fi. = 9 ksi (Assumed maximum values) from the support.
Try for a spacing of 25" using AASHTO Specification 10.20.2.
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R = (.2272xL-11) Sq2®

R = (.2272x180-11) 252® = 29.9/8.5 =3.5
Feo = 72Mep/tib

Me = .08XWxS4? = .08 x .260 x 25 = 13.0 kips

Fcb

72x13.0/1.25x(22)* = 1.55 ksi

F = RFg = 3.5x1.55 = 5.43 ksi

Group Il D+W =18+ 5.43 =23.43 ksi

Group Il D+L+.3W=18+9 + .3 x5.43 =28.63 ksi

fo (Allowable) =27 x 1.25 = 33.75 ksi > 28.63 ksi
Lower lateral bracing is not required in the final design condition. Temporary
construction loadings may warrant bracing in top flanges for at least during placement

of the superstructure. A computation is made below:

Mep = .08 x WxS4? = 0.08 x .260 x 7.0x(25)* = 8.75 kips
10.4

Feo = 72Mp/th? = 72x8.75/.75x14% = 4.3 ksi

F =RFs =3.5%x4.3=15.0ksi

FoL Due to Steel Alone = 3.5 ksi

Group Il Temporary = 3.5 ksi + 15.0 ksi = 18.5 ksi

Comp. Flg. Flexure Fy = 27,000 - 14.4 (25x12)> = 20,300 psi
14

Allowable Fr =1.25 x 20,300 = 25,375 psi > 18,500 psi
No temporary bracing is required in this case.

Current practice on this matter is discussed more fully in the Manual Section on
Lower Lateral Bracing.
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Basic Weiding Symbols and Their Location Significance

i
H
Spot Back - Scart for Flangs
t siocuon Fillet b of Projection Seam or Backing Surfacing Brazed Joint Edge
; Groove weld‘
wmowsie |——"| T T |- O |47 F |- NL —~ yYayZ4 '
Other Side /—L il 4 IO NIV 4 S = S/ A R N7 N 1
Groove weid symbol
Not Not Not ¢ Not
':Olht ssx: Not Not o £ Not Not Not Not
Significance used used (AR NV = used used used used
Supplementary Symbois Used with Weiding Symbols‘
Convex Contour Symbol Weld-All-Around Symbol
Finish symbol (user's -~ -
Convex contour symbol ) ir Weld-ak-around sym
indicates face of weld / Vi~ methad of obtaining indicates that weld extends
10 be finished to G specified contour but compietely around the joint
T not degree of finish "
Joint with Backing Joint with Spacer Meit-Thru Symbol
With groove weid symbol With modified groove weid symbol Any applicable weid symbol
o g Dmetmeigoon "% ST | Gmanines (ceptneit

Flush Contour Symbol

Multiple Reference Lines

First operation shown on

i symbol (user's
nish { reference line nearest arrow

standard) indicates

_/m

F symbol .
0 be made fiush. When .
\ss8d without a finish method of obtaining Second operation, or supple- 2nd
symbol, indicates weid 3 specified contour but mentary data e
withowt subsaquent not degree of finish Third opevaW 7
finishing . information
Fleld Weid Symbol Compiete Penetration Location of Elements of a Welding Symbol .
Field Weld symbot Indicates complete pe ; included
indicates that weid is regardiess of type of weid or Finish “’“m' Groove angle. indluc
10 be made at a place joint preparation Contour symbo for plug weids
other than that of Root opening: depth of mung Length of weld
initial construction ——r \/ / for plug and siot welds Pitch (center-to-center
s P \c’ Etfective throat ing) of
. Depth of preparation; size or
strength for certain welds = Field weld symbol
Supplementary Symbols Specification. process, w nnect
pp ry Sy or ather refer /l o RE e, — Cornting Tok
w3
Weld-All- Melt- Backing, Cantour } ( ) S side member of joint
Around Weld Theu Spacer Flush Convex | Concave E 3 )
Tail ——~ s E
(Tail omitted <5 Weld-all-around symbol
j P4 /‘:]_ when reference ~ \— Reference line
— is not used,
< \’-\ \\-’ ) (N |—— Elements in this
) z Y 4 Basic weid symbol Number of spot or area remain as
t /D or detail reference — projection welds/ m ':mau
d

Butt Joint
Arrow of Arrow side
weiding symbol of joint
é"
\}
Other sida AN
of joint
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Basic Weiding Symbolis and Their Location Significance

Flange Groove Location
Corner Square v Beve! 1) Flare-V Flare-Bevel Significance
L T 7~ M N [A [ R V|77 srovsee
AN 11 N\ v Y VA L[N, | otnersice
Not N . Y \ N 1 C
used NN % —%\ N N o< o s
No Arrow Side
Not Not Not Not Not Not Not
or Other Side
used \ used used used used used used Significance
Typical Welding Symbols
Slot Weiding Symbol Square-Groove Welding Symbo! Flare-V and Flare-Bevel-Groove Welding Symbols
Dt o Oriertation, location[ ) "_'IT—/\
i rches (oms- s i can ol | esios o — T Footopering T TT
2"@ s eor'::aete) fifling are shown | joint penetration H \'G/-ize x‘lsend considerad oree
. [} N
on the drawing X Rootopening o nngemmpoms‘ Root opening
Plug Welding Symbol Chain Intermittent Fillet Weiding Symbol Edge- and Comer- Flange Welding Symbols
Included angle Pitch (distance : az Radius
of countersink between centers) o6 2.8 1784116 e
\ '\ 0'welds —Depth of filing ST e==C— Pitch (distance between Size of weld —~3* oo
Size 2 n und':s c;ﬁorms- certters) of increments Hos N
diameter sion oS . sbove
of hole at root) - = filling is complete) | Size (length of leg) Length of increments of t?r%ency pomt
Backgouging Weiding Symbol Back or Backing Weiding Symbol Surfacing Weiding Symbol Indicating Built-up Surface
Second reference line
n one used for back gouging c %—
and welding as a —_‘R—/_— N Orientation, location
second operation icable 8i Size (height of deposit) and all dimensions
i IZ.".'"._.,...";'.".'.'.. ;%yovemldsyhsﬁ!b___/ Omasson‘glrrl:ducatesno other than size are
of emembar specific height desired shown on the drawing
Flash or Upset Welding Symbol Staggered Intermittent Fillet Weiding Symbol Single-V Groove Welding Symbo! Indicating Root Penetration
5/— Pitch (distance betweent -
Process reference 12 3- ceniers) of increments 12
. must be used 10 ] ; Sg :
or other e ” < dasired T ] A Dupntpparts \ \Z
i ration
significance Size (length of leg) Length of increments Eﬂgcilve %reop:x
Spot Welding Symbol Double-Bevel-Groove Welding Symbol
Size (diameter of weld) Number of wekis Arrow points toward ‘
S!ren(gth {in Ib per weid) Pitch (distance member to be prepared ‘:/ Root opening
Process reference '“’Vb“‘“d'“s“”_—\ / el centers) of| Omission of size dimension !
m usedto 4 weld ’ ;:»n;d;;rmepar ; ga;q d:apltt':: / 114 )
u / thickness of 8 .—— Groove angie
Seam Weiding Symbol Projection Welding Symbol
Length of weids or Size (width of weid) Pitch (distance between Projection welding
hy nts Streng:&(:;n b pge /— centers) of increments | Size (strength inb reference must be used Pw‘ (dlstanee
Omission indicates that near may
weld extends used instead _/'/‘“%_< w’mﬁm ga:;:der of weid'g\ay >T/ ofwe‘ds centers)
n instead for
gbrupch:!g:s‘ g-::r:tgprocess circular on welds Number ot welds
Welding Symbois for Cembined Weids Double-Fillet Welding Symbot
va Saze (length of leg) / Omsson ndwos
5/16
1 : —E-J \ Specification, process, _/ wa lbﬂﬂ
] in direction
; - _ or ather reference m "
Process Abbreviations

Basic Joints—Identification of Arrow Side and Other Side of Joint

Lap Joint

Where process abbreviations are to be included in

the tail of the welding symbol, reference is made to
Tabie A, Designation of Weiding and Allied Processes
by Letters, of ANS 24-79, 71,
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	Cracks have been observed in steel girders due to fabrication, fatigue, brittle fractures and
	If welded connections are used, the members which make up the "X" portion of the bracing are attached with erection bolts which are left in place after welding the member ends.  The "X" angles are field welded at these intersections.
	
	Rolled sections without cover plates are preferred.  Cover plates are not
	Weld details are not shown on the plans, but are indicated by using standard symbols as given on Chart 24.1.  Weld sizes are based on the size required due to stress or the minimum size for plate thicknesses being connected.  The strength of a
	fillet weld equals the fillet size times the allowable basic shear stress times
	Current AASHTO specifications for Structural Steel Design contain major revisions to previous
	The main factors governing fatigue strength are the applied stress, the number of
	Recognizing the need to prevent brittle fracture failures of main load carrying structural
	Bearing stiffeners are placed over the bearings of rolled beams when the unit shear in







